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Calculation of Basic Parameters Necessary for Quantum

Chemical Calculations on Boron-Containing Molecules

I. One-Center Electron Repulsion Integral (PPlPP)B

Abstract

A modified one-center electron repulsion integral (ppipp) for

boron which takes into account electron correlation effects has been

evaluated by expansion of the energies of the boron atom and its

positive and negative ions as a function of spectroscopic term

values. The values for (pplpp)B calculated from two different pairs

of valence states are very close:

(PPlPP)B = 7.094 ev

(PPI PP) = 6.976 ev
in certain valence states

It is demonstrated that for boron, the Pariser-Parr approximation

(pplpp) = I - A

and the more rigorous approximation of Julg

(pplpp) = I - A - q(I + A)

do not hold, because since the electron is put into a formerly empty

orbital, an exchange term arises in addition to the Coulomb term.



Calculation of Basic Parameters Necessary for Quantum

Chemical Calculations on Boron-Containing Molecules

I. One-Center Electron Repulsion Integral (pplpp)B

As a part of a general program for quantum chemical calcu-

lations on boron-containing molecules, it has been necessary to

evaluate modified values for Coulomb repulsion integrals for boron

which take into account electron correlation effects. For many

other atoms, i.e. carbon, nitrogen, oxygen, the modified value

of the one-center electron repulsion integral can be estimated

from the Pariser-Parr approximation
1

(pplpp) = I - A (1)

The one-center electron repulsion integral can also be calculated

more exactly by expansion of the energies of the atom and its

positive and negative ions as a function of spectroscopic term

values. This method has been used by Julg2 and for the carbon,

nitrogen and oxygen, expressions of the form

(pplpp) = I - A - e(I + A) (2)

are obtained. If the term in 9 is neglected (c corrects for the

fact that the effective nuclear charges are different in the

positive ion, the neutral atom and the negative ion), both ex-

pressions for (pplpp) reduce to the same value.

In order to gain some physical insight into the problem for

the boron atom, we chose to do the expansion in spectroscopic term
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values and, as will be shown later in this article, the expression

for (PPJPP)B turns out not to have the simple form of the expressions

for the (ppfpp) of the other atoms. The reason for this is that

boron has less than a half-filled shell and we are putting the

extra electron into a formerly empty orbital - for this reason,

in addition to the Coulomb repulsion term, an exchange term also

arises.

Calculations

I.

Valence state energies

sxyz [E i + 2a + (pplpp) - (pPIp)] (1 - )

B Syz Ei a

B +  z Ei (1 +)

B" xyz = Ia + I X +Iy + I z +Jsex + J sy + Js8z + Jx Y +Jxz + J yz

ex sy - y s Ky - K xz Y K yz

B syz = a + Iy + Iz + Jy + Jz + Jys

T ey T uy 33 y5
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B Oz = +I +J -- K
a 5 85 2 85

Li =I +I +1 .,J --1K
a z zz 2 8z

ce = I J + J -- 1 .K -K
y By yz 2 sy 2 yz

B=(E + 2a +J -j )1 K i

z y 2 zy

z + 2az + (ppIpp) - 2(P Ipi')

from the relation

Cpplpp) -(pp!N) =2(p~ipi)

where

=y (pplip)

K =y (pijpi)

(B- - B) +. (B4. - B) = (I - k) =(pplpp) - 6(~p)-4a 4 plp

("I pp) - 2 (P I pi) )

(B -B) + (B4. - B) = - 24 - (pplpp) + 5(~I~

(pplPP) - 4(pjpj) = I - A - 4(1 +. A)



"--

BI 8.33 ev
syz sz

B B" A= 0.892 ev
syz sxyz

Since the expression for (ppIpp) derived from this valence state

also contains (pilpP) it is necessary to use the evaluation of

(pplpp) and (pilpi) in terms of C(the Slater effective nuclear charge)

in order to compare this (pplpp) with another (pplpp) derived from a

different valence state.

From the formulas of Roothaan.
3

(PPlPP) = 0.391406 C

(pilpi) = 0.0210938 C

0.338811 C = (8.33 - 1.05) - e (8.33 + 1.05)

c = 21.486905 - 27.685051c

II.

It is necessary to have another expression in C and c to

evaluate c . This second relation is derived from boron in the

following valence states.

B" ex 2 z (Ei + 2a + J xx) (1 -

B sxz Ei + a

B 8z Ei (1 +)
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B" sxz = Is + 2 1x + I z + xx + 2 Jx + Jsz + 2 Jxz

-K -1 K -K
ex 8z xz

B 5XZ =I + I +I + J + + - I K - 1 K 1K
a x z ex z xz F. 7 Txz

B z -- I a I + J z 1K

E= I + I Jz -1 K

a I +.J +J -1K -1Kx ax xz . ez - xZ
2

(B- B) + (B - B) =I - A = Jxx " (2a + Jxx)

(B - B) + (B+ - B) = I + A u -(Jxx 2a ) + 4[ J
Drop Term

to evaluate

(Jxx + 2a ) to use in

first expression

I + A ' -(Jxx + 2 a )

J xx I-A - c(I A )

= (8.33 - 0.20) - c(8.33 + 0.20)

0.391406 C = 8.13 - 8.53

C = 20.77127 - 21.7932279
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Equating C from the two expressions

21.486905 - 2?.685051c = 20.77127 - 21.7932274

6 = 0.12146238

(pp*pp)m = 7.094 ev

III.

There is an alternative method by which to obtain a second

relation between C and 6 .

B ax2  Ei + 2a + Jxx

B ax (Ei + a) (1 + C )

B + a Ei (1 + 2 )

B sx2  I a 2 1x + 2 Jsx + Jxx -Kx

B+  ax = I + I +J - 1 K

B + a I a

E i  a I1 a

a =Ix + Js 1 Ks
=z ex 7 -a x

11uB Ba-a xx
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12  B -B :-B -+O

12 1 - 2at + Jxx -a 2

J xx I 2  I 1 + 2 aE = 12 - 11 - 24 12

Jxx 0.391406 C -12 - 11 - 2c 1 2

= 19.399 - 7.276 - 2c (19.399)

= 31.16201 - 99.14666 e

Equating C from I and III

21.486905 - 27.606851. = 31.16201 - 99.146666

9 = 0.13524085

(ppIpp)B = 8.13 - 8.53 4 = 6.976 ev

Results

The agreement between the values

(PP1pp)B = 7.094 ev

or = 6.976 ev

is quite good, and both are considerably lower than the value

(PPIPP)B = 13.83 ev calculated from Slater-type AO's from the closed

analytical forms of Roothaan.
3
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e derived from the expansion in spectroscopic term values

o.12146238

or 0.13524o85

are both in good agreement with C calculated from Slater's rules

0.1346153.



-10-

Acknowledgements

This work was supported by the Chemistry Branch of the

Office of Naval Research.



REFERENCES

1. R. Pariser & R. G. Parr. J. Chem. Phys., 21, 767 (1953).

2. A. Julg. J. Chem. Phys. 55, 413 (1958)

3. C. C. S. Roothaan. J. Chem. Phys. 19, 1445 (1951).



TECHNICAL REPORT DISTRIBUTION LIST

Contract - Nonr 3471(00) NR # 356-433

No. of Copies

Commanding Officer
Office of Naval Research Branch Office
The John Crerar Library Building
86 East Randolph Street
Chicago 1, Illinois 1

Commanding Officer
Office of Naval Research Branch Office
346 Broadway
New York 13, New York I

Commanding Officer
Office of Naval Research Branch Office
1030 East Green Street
Pasadena 1, California 1

Commanding Officer
Office of Naval Research Branch Office
Box 39 Navy # 100 Fleet Post Office
New York, New York 7

Director, Naval Research Laboratory
Washington 25, D. C.

Attn: Technical Information Officer 6
Chemistry Division 2

Chief of Naval Research
Department of the Navy
Washington 25, D. C.

Attn: Code 425 2

DDR&E
Technical Library
Room 3C-128, The Pentagon
Washington 25, D. C. 1

Technical Director
Research & Engineering Division
Office of the Quartermaster General
Department of the Army
Washington 25, D. C. I



2.

Technical Report Distribution List ... cont. Contract Nonr 3471(00)

Research Director No. of Copies

Clothing & Organic Materials Division
Quartermaster Research & Engineering Command

U. S. Army

Natick, Massachusetts I

Air Force
Office of Scientific Research (SRC-E)
Washington 25, D. C. 1

Commanding Officer
Diamond Ordnance Fuze Laboratories
Washington 25, D. C.

Attn: Technical Information Office Branch 012 1

Office, Chief of Research & Development

Department of the Army
Washington 25, D. C.

Attn: Physical Sciences Division 1

Chief, Bureau of Ships
Department of the Navy
Washington 25, D. C.

Attn: Code 342C 2

Chief, Bureau of Naval Weapons
Department of the Navy
Washington 25, D. C.

Attn: Technical Library 3
Code RRMA-3 I

ASTIA
Document Service Center
Arlington Hall Station
Arlington 12, Virginia 10

Director of Research
U.S. Army Signal Research & Development Laboratory

Fort Monmouth, New Jersey I

Naval Radiological Defense Laboratory
San Francisco 24, California

Attn: Technical Library 1



3.

Technical Report Distribution List ... cont. Contract Nonr 3471(00)

No. of Copies

Naval Ordnance Test Station
China Lake, California
Attn: Head, Chemistry Division I

Code 40 1
Code 50 1

Commanding Officer
Army Research Office
Box CM, Duke Station
Durham, North Carolina

Attn: Scientific Synthesis Office

Brookhaven National Laboratory
Chemistry Department
Upton, New York I

Atomic Energy Commission
Division of Research
Chemistry Programs
Washington 25, D. C. 1

Atomic Energy Commission
Division of Technical Information Extension
Post Office Box 62
Oak Ridge, Tennessee I

U.S. Army Chemical Research and Development Labs.
Technical Library
Army Chemical Center, Maryland 1

Office of Technical Services
Department of Commerce
Washington 25, D. C. I

Bureau of Naval Weapons Representative
Westinghouse Electric Corporation
P. 0. Box 746
Baltimore 3, Maryland I

Commanding Officer
Office of Naval Research Branch Office
1000 Geary Street
San Francisco 9. California

Attn: Dr. P. A. Miller l



4.

Technical Report Distribution List ... cont. Contract Nonr 3471(00)

No. of Copies

Commanding Officer
Office of Naval Research Branch Office
495 Summer Street
Boston 10, Massachusetts

Attn: Dr. A. L. Powell

Dr. H. S. Gutowsky
Department of Chemistry
University of Illinois
Urbana, Illinois

Dr. D. A. Brown
Department of Chemistry
University College
Upper Merrion Street
Dublin, Ireland

Dr. J. T. Vanderslice
Institute of Molecular Physics
University of Maryland
College Park, Maryland

Dr. Anton B. Burg
Department of Chemistry
University of Southern California
University Park
Los Angeles 7. California

Dr. E. G. Rochow
Department of Chemistry
Harvard University
Cambridge 38, Massachusetts

Dr. T. D. Parsons
Department of Chemistry
Oregon State College
Corvallis . Oregon

Dr. T. P. Onak
Department of Chemistry
Los Angeles State College
Los Angeles, California



5.

Technical Report Distribution List •.. cont. Contract Nonr 3471(00)

No. of Copies

Dr. Robert W. Taft. Jr.

Department of Chemistry
Pennsylvania State University
University Park, Pennsylvania

Dr. J. D. Roberts
Department of Chemistry
California Institute of Technology
Pasadena, California

Dr. J. E. Leffler
Department of Chemistry
Florida State University

Tallahassee, Florida

Dr. M. J. S. Dewar
Department of Chemistry

University of Chicago
Chicago, Illinois 1

Dr. T. L. Heying
Olin Mathieson Chemical Corporation
275 Winchester Avenue
New Haven. Connecticut I

Dr. G. Barth-Wehrenalp, Director
Inorganic Research Department

Pennsalt Chemicals Corporation

Box 4388
Philadelphia 18, Pennsylvania 2

Mr. K. Warren Easley
Monsanto Research Corporation
Everett Station
Boston 49, Massachusetts

Dr. Hans H. Jaffe
Department of Chemistry

University of Cincinnati
Cincinnati, Ohio

Dr. Murray S. Cohen

Chief, Propellant Synthesis Section

Reaction Motors Division
Thiokol Chemical Corporation
Denville, New Jersey



6.

Technical Report Distribution List... cont. Contract Nonr 3471(00)

No. of Copies

Professor W. S. Koski
Chemistry Department
The Johns Hopkins University
Baltimore, Maryland 1

Dr. Vernon H. Dibeler, Chief
Mass Spectrometry Section
National Bureau of Standards
Washington 25, D. C. I

Dr. E. J. Prosen, Chief
Thermochemistry Section
National Bureau of Standards
Washington 25, D. C.

Dr. L. J. Edwards
Manager of Programs
Callery Chemical Company
Caflery, Pennsylvania

Dr. Edgar W. Fajans
Assoc. Director of Chemical Research
U.S. Borax Research Corporation
412 Crescent Way
Anaheim, California

Dr. R. W. Parry
Department of Chemistry
University of Michigan
Ann Arbor, Michigan

Commanding Officer
Frankford Ars-snal
Philadelphia 37, Pennsylvania

Attn: ORDBA-LCO

Dr. Riley Schaeffer
Department of Chemistry
Indiana University
Bloomington. Indiana

Dr. S. Golden
Department of Chemistry
Brandeis University
Waltham 54, Massachusetts



7.

Technical Report Distribution List ... coat. Contract Nonr 3471(00)

No. of Copies

Dr. M. F. Hawthorne
Rohm and Haas Company
Philadelphia 5, Pennsylvania

Dr. W. N. Lipscomb
Department of Chemistry
Harvard University
Cambridge 38, Massachusetts

Dr. H. C. Clark
Department of Chemistry
University of British Columbia
Vancouver, British Columbia
Canada

Dr. H. B. Jonassen
Department of Chemistry
Tulane University
New Orleans, Indiana

Dr. M. M. Chamberlain
Department of Chemistry
Western Reserve University
Cleveland, Ohio

Dr. D. C. Bradley
Department of Chemistry
University of Western Ontario
London. Canada

Dr. Henry Taube
Department of Chemistry
Stanford University
Stanford, California

Dr. C. E. Nordmann
Department of Chemistry
University of Michigan
Ann Arbor, Michigan

Dr. Ross I. Wagner
American Potash & Chem. Corporation
Research Department
Whittier$ California



8.

Technical Report Distribution List ... cont. Contract Nour 3471(00)

No. of Copies

Dr. E. C. Ashby
Ethyl Corporation
Baton Rouge, Louisiana 1

Dr. George F. Huff, Vice President
Research and Development
Callery Chemical Company
Callery, Pennsylvania 1

Dr. David Chamberlain, Jr.
Stanford Research Institute
Menlo Park, California 1


